Background: There is limited knowledge about prognosis of selected breast cancer subtypes among very young women.
introduction Breast cancer at a young age has been reported to pursue a more aggressive clinical behavior compared with the disease in older patients [1] [2] [3] [4] .
Although controversy exists about the definition of 'very young age' or 'very young patients' and different cut-off have been proposed, it has been shown that younger age is associated with a less favorable prognosis and that the relationship between recurrence hazard and age was continuous with a 4% decrease in recurrence and a 2% decrease in cancer-specific death for every year of increase in age [5] . In particular, in a recently published study, the risk of death rose by 5% for every 1-year reduction in age for patients aged <35 years, whereas there was no significant correlation between risk of death and age for patients aged 35-50 years [6] .
Breast cancer is a heterogeneous disease and gene expression studies have identified molecularly distinct subtypes with prognostic implications across multiple treatment settings [7] [8] [9] . These subtypes include estrogen receptor (ER) positive-Luminal A (Luminal A), ER positive-Luminal B (Luminal B), HER2 enriched (i.e. tumors that overexpress ERBB2-associated genes but do not express genes that define the luminal subtype), Basal like and normal breast like. HER2-enriched and Basal-like subtypes are hormone receptor negative and have poor prognosis [7, 10, 11] . The immunohistochemical evaluation of ER, progesterone receptor (PgR), Ki-67 and HER2 may be considered a surrogate means for identifying the molecular subtypes of breast cancer [12] . The classification according to four subtypes (Luminal A, Luminal B, HER2 and Triple Negative) appeared useful to define different prognostic subgroups with different relationship with adjuvant treatment received [13] .
Whether the use of this classification for very young patients might be useful in clinical practice in order to accurately predict outcome is a hypothesis that has not been adequately tested.
We therefore investigated the biological characteristics of the tumors and the outcome of very young patients (<35 years of age) with operable breast cancer and the effects of adjuvant treatment programs according to immunohistochemically (IHC) defined subtypes.
patients and methods
We revised data of premenopausal patients referred to surgery at the European Institute of Oncology from April 1997 to August 2000, already reported in a previous study [4] ; additionally, we collected information of patients operated from September 2000 to December 2004.
Data on the patient's medical history, concurrent diseases, surgery, pathological evaluation and results of staging procedures (blood chemistry, hematological values, bone scan, chest film and upper abdominal ultrasound examination) were required. Pathological assessment included evaluation of the primary tumor size, histological type and of lymph nodes status, including a sentinel node biopsy [14] , when applicable. Tumor grade was evaluated according to Elston and Ellis [15] and peritumoral vascular invasion (PVI) was assessed according to Rosen and Oberman [16] . ER and PgR status, Ki-67 labeling index (assessed with the MIB1 monoclonal antibody) and HER2 overexpression (routinely carried out since 1999) were evaluated IHC as previously reported [17] . The tumor sections were incubated with the specific primary mouse monoclonal antibodies to ER (clone 1D5, 1 : 100 dilution; Dako, Glostrup, Denmark) and PgR (clone 1A6, 1 : 800 dilution; Dako); Ki-67 was assessed using the MIB1 monoclonal antibody (1 : 200 dilution; Dako), and HER2 was evaluated using the polyclonal antibody by Dako (1 : 1600 dilution). The percentage of neoplastic cells showing definite nuclear immunoreactivity out of 2000 cells, in at least 10 high-power (magnification, ·400) fields randomly selected, was recorded for ER, PgR and Ki-67. For HER2 assessment, tumors were scored according to the intensity and completeness of cell membrane staining, in a 4-tier scale (0: no immunoreactivity, 1+: weak and incomplete membrane staining, 2+: weak/moderate and complete membrane staining and 3+: strong and complete membrane staining); furthermore, the percentage of immunoreactive neoplastic cells was recorded. Tumors scored 3+ were considered as overexpressing HER2. The threshold for ER and PgR positivity was 1% and for MIB1 positivity 20%, as previously published [17] . The threshold for ER and PgR was on the basis of published data, indicating a different pattern of outcomes according to the degree of potential endocrine responsiveness [18, 19] .
statistics
The Fisher's exact test and the Mantel-Haenszel chi-square test for trend were used to assess the association between, respectively, categorical and ordinal variables. The primary end points were the incidence of locoregional relapse (LRR), distant metastasis (DM), breast cancer-related event (BCE), disease-free survival (DFS) and overall survival (OS). DFS was defined as the length of time from the date of surgery to any relapse (including ipsilateral breast recurrence), the appearance of a second primary cancer (including contralateral breast cancer) or death, whichever occurred first. OS was determined as the time from surgery until the date of death (from any cause) or the date of last follow-up. Cumulative incidence and survival plots according to age were drawn using the Kaplan-Meier method. The log-rank test was used to assess the survival difference between strata. Multivariate Cox proportional hazard regression analysis was used to assess the independent prognostic significance of various clinical and histopathological characteristics of the tumor on event free or OS. Factors included in multiple regression analyses were tumor diameter, nodal involvement, ER and PgR expression, Ki-67 labeling index, HER2 overexpression, vascular invasion, grade, histotype and immunohistochemical classification as follows:
Luminal A (ER > 0 or PgR > 0) and (Ki-67 < 14%) and (HER2 0/+/++), Luminal B (ER > 0 or PgR > 0) and [(Ki-67 ‡ 14%) or (HER2 +++)], HER2 positive (ER = 0 and PgR = 0) and (HER2 +++), and Triple Negative (ER = 0 and PgR = 0) and (HER2 0/+/++).
In patients with Luminal B tumors, we assessed the effect of adjuvant hormonal therapy on outcome.
All analyses were carried out with the SAS software, version 8.2 (Cary, NC).
treatment received
All patients received adequate local treatment (breast-conserving surgery or total mastectomy) plus axillary sentinel lymph node biopsy (SLNB) or complete axillary dissection. SLNB was followed by axillary dissection only if the sentinel node contained metastasis or minimal node involvement. The SLN was identified and isolated using a gamma probe as a guide as previously published [20] . Postoperative breast irradiation was proposed to all the patients who received breast-conserving surgery [21] . Systemic adjuvant therapy was recommended according to St. Gallen's treatment guidelines [21] [22] [23] . For patients with endocrine-responsive disease, adjuvant endocrine therapy alone was indicated [the combination of tamoxifen for 5 years plus luteinizing hormone-releasing hormone (LH-RH) analogue for a minimum of 2 years] [17] . In patients at higher risk (i.e. occurrence of PVI, younger age, large tumors) and/or with features of uncertain endocrine responsiveness (i.e. low levels of ER positivity, lack of PgR expression, overexpression of HER2/neu and increased proliferation markers [24] ), chemotherapy was added. Anthracycline-containing chemotherapy was considered as the first option in patients with higher risk [i.e. adriamycin and cyclophosphamide (AC) for four courses [25] , in case of comorbidities or patients preferences classical oral cyclophosphamide, methotrexate and fluorouracil (CMF)] for a duration of three to six courses was considered [26] . In case of endocrine non-responsive disease, 6 months of chemotherapy was commonly indicated (classical CMF for six courses or AC for four courses followed by classical CMF for three courses [19] according to the degree of the patient risk).
results
A total of 4524 consecutive premenopausal patients aged <50 years were referred to the interdisciplinary evaluation and their data were included in the institutional database from 1997 to 2004.
We subsequently excluded 1213 patients: 473 who received neoadjuvant therapy, 52 had a previous other primary, 136 had bilateral tumors, 552 were operated with recurrent or metastatic tumors and for the remaining 341 patients, endocrine receptor status, Ki-76 labeling index or HER2 status were not known, thus preventing the immunohistochemical subtyping of the tumors.
The analysis is therefore on the basis of data from 2970 patients. The characteristics of the assessable patients are given in Table 1 .
In the 'very young' group, when compared with the 'less young' patients, there was a higher prevalence of tumors of high grade (57.1% versus 34.0%; P < 0.0001) and tumors classified ER (22.9% versus 12.8%; P < 0.0001) and PgR (32.1% versus 19.3%; P < 0.0001) absent. Moreover, in younger patients (aged <35 years), there were higher percentages of tumors with PVI (40.0% versus 33.5%; P = 0.02) and HER2-overexpression (21% versus 14.5%; P = 0.003) than in patients aged 35-50 years. According to the immunohistochemical classification, in the group of patients aged <35 years, there were less tumors identified as Luminal A (9.2% versus 21.2%) and more Triple Negative tumors (16.2% versus 7.5%; P < 0.0001) than in older patients.
adjuvant treatment
As shown in Table 2 , very young patients with the Luminal A subtype of breast cancer received more frequently LH-RH agonist alone and less frequently tamoxifen alone (P = 0.036) than older patients. In the Luminal B subtype, there were more patients aged <35 years treated with LH-RH alone and with the combination of tamoxifen and LH-RH analogue than older patients (P < 0.0001).
Moreover, younger patients with a Luminal B tumor received more anthracyclines-based chemotherapy than older patients (P < 0.0001). No significant difference was seen in the treatment of patients with HER2 and Triple Negative subtypes.
clinical outcomes according to age and IHC classification
At the multivariate analysis, age <35 years was a risk factor for an increased occurrence of LRR [hazards ratio (HR) = 1.78, 95% confidence interval (CI) 1.19-2.67], DM (HR = 1.55, 95% CI 1.11-2.17) and BCEs (HR = 1.70, 95% CI 1.33-2.18) ( Figure 1A ).
The outcome of younger patients with the Luminal A subtype was similar to that observed for the older patients in terms of LRR, DM and BCE. The difference between very young patients and older patients appeared evident in the Luminal B subtype with an increased risk of LRR (HR = 1.82, 95% CI 1.13-2.94), DM (HR = 1.57, 95% CI 1.04-2.37) and BCE (HR = 1.71, 95% CI 1.26-2.32) ( Figure 1A ).
In the HER2 subtype, there was a trend to an increased risk of LRR and BCE and a statistically significant association with DM for very young patients when compared with older patients (Figure 1A) , while in the Triple Negative subtype, a statistically significant association was showed with BCE.
At the multivariate analysis, age <35 years was a risk factor for reduced DFS (HR = 1.65, 95% CI 1.30-2.10) and OS (HR = 1.78, 95% CI 1.12-2.85) ( Figure 1B) .
Very young patients with tumors classified as Luminal B, HER2 and Triple Negative were at increased risk of poorer DFS (HR = 1.62, 95% CI 1.21-2.18; HR = 2.37, 95% CI 1.12-5.02 and HR = 2.04, 95% CI 1.11-3.72, respectively), while in the Luminal B and Triple Negative subtypes, patients <35 years had a twofold higher risk of death compared with older patients (HR = 2.09, 95% CI 0.96-4.53 and HR = 2.20, 95% CI 1.10-4.41, respectively) ( Figure 1B) .
We have analyzed clinical outcomes with stratification of Luminal B according to HER2 expression (Table 1) . Very young patients with tumors defined as Luminal B (HER2 0/+/++) were at increased risk of LRR, BCEs and recurrence compared with older patients. No statistically significant difference was shown between the two groups of age in the Luminal B (HER2 +++) subtype (Figure 1 bis-Supplementary data available in Annals of Oncology online).
An exploratory analysis was conducted to evaluate the impact of the different adjuvant therapies on DFS of very young and older patients with tumors defined as Luminal B.
A statistically significant reduced DFS was seen in younger patients with tumors defined as Luminal B who received tamoxifen or LH-RH analogue alone versus those treated with the combination of the two drugs (P = 0.037). The result was confirmed at the multivariate analysis (HR = 1.88, 95% CI 1.00-3.55), whereas no treatment effect was observed within this subtype in older patients (P = 0.77; HR = 0.97, 95% CI 0.70-1.34) (Figure 2) .
Our data showed a reduced DFS of patients <35 years who received tamoxifen or LH-RH analogue alone versus those treated with the combination of the two drugs in the Luminal B (HER2 0/+/++) and in the Luminal B (HER2 +++) subtype, but this difference was not statistically significant (Table 2 bis and Figure 2 bis-Supplementary data available in Annals of Oncology online). As a final point, multivariate analysis showed a slight advantage of anthracycline-containing therapy compared with CMF regimen for both very young and older patients in terms of DFS, even if no statistically significant difference was found (Table 2 bis and Figure 2 ter-Supplementary data available in Annals of Oncology online).
discussion
The present study provides useful insights into the treatment of breast cancer because it is on the basis of a large population of very young patients with breast cancer evaluated within the context of a central pathology analysis using modern Figure 1 . (A) Cumulative incidence (%) of locoregional relapse, distant metastases and breast cancer-related events in breast cancer patients according to age at diagnosis and immunohistochemical classification. (B) Disease-free survival and overall survival in breast cancer patients according to age at diagnosis and immunohistochemical classification. Hazards ratios (HR) and 95% confidence intervals (CI) obtained from multivariable Cox proportional hazards regression model adjusted for hormonal receptor status, proliferative index (Ki-67), peritumoral vascular invasion, tumor size, nodal status and HER2 overexpression, chemotherapy (none/oral cyclophosphamide, methotrexate and fluorouracil/anthracycline-containing therapy and other regimen) and hormonal therapy (none, luteinizing hormone-releasing hormone (LH-RH) or tamoxifen alone, LH-RH + tamoxifen and other regimen); n/a: not available. classification according to IHC-defined subtypes. In fact, as recently showed, an IHC profile on the basis of the degree of expression of ER, PgR, Ki-67 and HER2 might identify subgroups of breast cancer patients who will respond to different systemic adjuvant treatments [13] . However, limited information is available in the adjuvant setting on the outcome and responsiveness to therapy in the very young population. Our study showed that in the group of patients aged <35 years, there were less tumors defined as Luminal A and more Triple Negative tumors than older patients.
Results from other studies also showed a relationship between age and breast cancer subtypes. In particular, in the Carolina Breast Cancer Study, Luminal A and B subtypes were more frequently observed in postmenopausal patients than in premenopausal African American women [27] . Conversely, patients with the Triple Negative subtype were likely to be under the age of 40 years in another study [28] .
Beside the feature of a more aggressive disease presentation, which affects patients' outcome, the results of the present study led to the identification of IHC-defined subtypes within the group of very young patients, which require adjuvant tailored therapies. In fact, our study showed that very young patients with tumors classified as Luminal B, HER2 and Triple Negative subtype were at increased risk of LRR, DM, BCE, recurrence and death when compared with older patients. Conversely, no significant effect of age was registered in the subgroup of patients with the Luminal A subtype. The results observed in terms of low number of events and similar outcome of older patients might be useful when a therapeutic algorithm should be developed in young patients with Luminal A breast cancer candidate to adjuvant treatment.
The results of this analysis are important also for clarifying the role of endocrine treatments in younger patients. In particular, whether the use of the combination of ovarian function suppression plus tamoxifen may be a preferable solution for these patients is a hypothesis that has not been tested adequately. Endocrine therapies appear to be an essential component of an effective adjuvant therapy program and retrospective analyses indicate that the endocrine effects of chemotherapy alone are insufficient for the younger patients with endocrine-responsive breast cancer [29] . A large analysis on 7631 patients who were treated with chemotherapy alone showed markedly increased risks of relapse for young patients with ER-positive tumors compared with older patients [29] . In a retrospective analysis of 3700 premenopausal patients involved in International Breast Cancer Study Group trials I, II, V and VI patients treated with adjuvant cyclophosphamide, methotrexate, and fluorouracil chemotherapy alone, the failure to achieve chemotherapyinduced amenorrhea was associated with an increased risk of relapse [30] .
Moreover, Ahn et al. [31] showed that adjuvant tamoxifen significantly reduced the death risk (HR = 0.61) among patients aged between 35 and 50 years of age with positive or unknown hormone receptor status, but there was no significant benefit from tamoxifen in patients <35 years. Similarly, data from the National Surgical Adjuvant Breast and Bowel Project indicate an increased risk (HR = 1.91, 95% CI 1.21-3.01; P = 0.006) for younger versus older patients with endocrineresponsive disease treated with tamoxifen alone [32] .
In the present study, we found that for very young patients (aged <35 years) with the Luminal B subtype, the combination of LH-RH analogue and tamoxifen was significantly correlated with improved DFS when compared with either tamoxifen or LH-RH analogue alone. Our results show that the benefit of the addition of LH-RH analogue to tamoxifen is restricted to the Luminal B population, and no clear beneficial effect for the combination was observed in the subgroup of patients with Luminal A subtype. There are several potential reasons for explaining the different response to endocrine therapy according to Luminal subtype. The different responsiveness observed might be related to the limited number of events observed within the Luminal A subtype. Moreover, a beneficial effect for adjuvant ovarian function suppression was observed in a large study for patients with HER2-positive disease, a population included in the Luminal B subtype but not in the Luminal A subgroup [33] ; when we stratified the Luminal B subtype according HER2 overexpression, we found that the beneficial effect of the combination LH-RH analogue plus tamoxifen was larger in the HER2-positive disease.
The question of whether additional benefit can be obtained from ovarian suppression in premenopausal patients receiving tamoxifen is now being directly addressed by the global Suppression of Ovarian Function Trial (SOFT) coordinated by the IBCSG on behalf of the Breast International Group and the North American Breast Cancer Intergroup. SOFT compares tamoxifen alone versus ovarian function suppression plus tamoxifen versus ovarian function suppression plus exemestane for patients with steroid hormone receptor-positive tumors who remain premenopausal after adjuvant chemotherapy or for whom tamoxifen alone is considered reasonable treatment option.
In conclusion, the present study indicates that the outcome of very young patients with early breast cancer is worse in selected tumor subtypes identified by IHC. Moreover, the results presented in this study support the hypothesis that the progress in the adjuvant treatment of very young patients requires study of tailored treatments in specific 'niches' of patients. It should, however, be emphasized, however, that the tumor subtypes identified in the current study still include heterogeneous groups of tumors and that the identification of further tumor subtypes amenable to targeted treatments represents a research priority.
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